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Abstract

Background: Recent research has proposed a classification of spinopelvic stiffness according to pelvic spatial ori-
entation for risk stratification in patients who undergo total hip arthroplasty (THA). However, the influence of global
alignment was not investigated, and this study evaluated the effect of global balance (sagittal vertical axis [SVA]) on
spinopelvic motion.

Methods: We conducted a retrospective review of consecutive primary THA patients. We measured SVA, spinopelvic
parameters (pelvic tilt [PT], pelvic incidence, and sacral slope), thoracic kyphosis (TK), lumbar lordosis (LL), proximal
femur angle (PFA), and cup version using functional radiographs of patients in the standing and upright sitting
positions. Linear regression was performed to identify parameters related to global trunk alignment change (ASVA).
Spinopelvic stiffness was defined as PT position change < 10°, and a subset of patients with PT change <0° was cat-
egorized into a paradoxical spinopelvic motion group.

Results: One hundred twenty-four patients were analyzed (mean age: 65 years, 61% female). In univariate regres-
sion analysis, ATK, ALL, and APFA were correlated to ASVA. In multivariate regression analysis, ALL (p <0.001) and APFA
(p <0.001) were found to be correlated to ASVA (ASVA=—11.97 4+ 0.05ATK — 0.23ALL - 0.17APFA; adjusted R? =0.558).
Spinopelvic stiffness was observed in 40 patients (32%), including five (4%) with paradoxical motion (APT=—3°+1°,
p <0.001) with characteristics of balanced standing global trunk alignment (standing SVA=—1.0%5.1 cm), similar
stiffness of the lumbosacral spine (ALL= — 7°+5°), higher hip motion (APFA=—78°+6°, p =0.017), and higher
anterior trunk shift (ASVA=6.2+2.0cm, p =0.003) from standing to sitting as compared to the stiffness group. Two of
these five patients experienced dislocation events after THA.

Conclusions: The lumbosacral and hip motions were the major contributors to global alignment postural change.
Paradoxical motion is a rare but dangerous clinical condition in THA that might be related to a disproportionally large
trunk shift in the stiff lumbosacral spine causing excessive hip motion. In paradoxical motion, diminishing functional
acetabular clearance during position change might pose the prosthesis at higher risk of impingement and instability
than spinopelvic stiffness.
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Background

Recent studies have revealed that the Lewinnek safe
zone [1] cannot effectively predict dislocation after total
hip arthroplasty (THA) [2, 3]. Abnormal spinopelvic
motion [4—8] is an essential cause of failure of Lewinnek
safe zone. In normal spinopelvic motion (Fig. 1), switch-
ing from standing to a sitting position will result in the
flattening of the lumbar-sacral complex [4, 6-8]. This
motion includes flexion (kyphosis) of the lumbosacral
spine (about 25°-30°) [9], which leads to approximately
20° pelvis retroversion and increases the acetabulum’s
anteversion by approximately 14° [10]. Under the normal
spinopelvic motion, the sitting position can be reached
with only 50° hip joint flexion. Finally, this will also affect
global trunk balance, resulting in an anterior shift of the
body’s center of gravity [11-13] to reach a stable upright
sitting position.

Fig. 1 The normal spinopelvic motion from standing (A) to sitting
(B) position includes thoracic flexion (purple arrow), lumbar flexion
(white arrows) and hip flexion (black arrow), which allows trunk
anterior shift (orange arrow) and pelvic retroversion (yellow arrow).
The pelvic retroversion provides acetabular anterior clearance during

hip flexion

Spinopelvic stiffness can cause THA impingement and
instability [4—8]. Reduced lumbosacral mobility due to a
degenerative disease or iatrogenic fusion of the lumbar-
sacral motion segments causes compensatory recruit-
ment of the hip motion for the patient’s posture changes.
However, the reduced lumbosacral motion will prevent
the pelvis from providing the corresponding anterior
or posterior clearance for the femur. This may result in
THA impingement and instability. According to the clas-
sification by Stefl et al. [4] and related studies [4, 6, 8],
spinopelvic stiffness can be divided into three clinical
conditions based on the spatial orientation where the pel-
vis was fixed, namely, stuck sitting, stuck standing, and
neutral stiffness conditions. However, the interrelation-
ship between global alignment and spinopelvic motion
was not yet investigated.

Purpose

The main purposes of this study were to analyze the inter-
relationship between global trunk alignment and spin-
opelvic motions in a group of patients who underwent
THA and identify spinopelvic motions with high risk to
provide clinical guidance for component implantation.

Materials and methods

Our institutional review board approved the conduct of
this study. This was a retrospective review of coronal and
sagittal spinal-pelvic digital triple-films of 156 consecu-
tive patients who underwent primary THA performed
by five independent orthopedic surgeons at one institute
from January 2017 to December 2018. Spinopelvic radio-
graphs were taken in patients after THA, including films
taken in standing and upright relaxed sitting positions,
from the cranial base proximally to the proximal femur
distally. While in the upright sitting position, patients
were requested to sit on a square platform with their legs
suspended, and patients were requested to abduct their
thighs by approximately 45° for cup version measure-
ment. Exclusion criteria were as follows: scoliosis with
Cobb’s angle > 10° (which affects the cup version [12, 13]),
spinal ankylosis (which causes spinopelvic stiffness [14]),
congenital spinal deformity, patients with neuromuscular
comorbidities, and poor image quality.

Basic data including age, sex, body mass index cup,
head, and stem size were recorded. Each patient was fol-
lowed up for at least a year after surgery to confirm if any
dislocation events occurred.
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Radiographic measurement

As shown in Fig. 2, sagittal spinal parameters measured
on the standing and sitting sagittal views included three
pelvic parameters, namely, PT, sacral slope (SS), and
pelvic incidence (PI), as well as thoracic kyphosis (TK;
T4-T12), lumbar lordosis angle (LL; L1-S1), PI-LL mis-
match (PI-LL), C7-sagittal vertical axis (SVA) represent-
ing global alignment, and pelvic-femoral angle (PFA) [6,
7,15, 16]. The Surgimap Ver. 2.3.1.1 software was used to
measure all sagittal parameters.

Radiographic acetabular cup anteversion was calcu-
lated using the ellipse method [17], which has a high
intra- and inter-observer reliability [3, 18]. Radiographic
inclination was defined as the angle between the face of
the cup and the sagittal plane [17].

Statistical analysis

The normality of the radiographic data was confirmed
using the Kolmogorov—Smirnov test. Parametric tests of
the univariate linear regression analyses were performed
using the dependent variable of the global alignment pos-
tural change (ASVA) with positional changes of sagittal
parameters (ATK, ALL, ASS, APT, APFA) as independent
variables and standing PI, owing to the constant nature of

Fig. 2 Sagittal parameters measured in this study, standing (A)

and sitting (B). PT, pelvic tilt; SS, sacral slope; P, pelvic incidence; TK,
thoracic kyphosis; LL, lumbar lordosis angle; PI-LL, PI-LL miss-match;
SVA, C7-sagittal vertical axis; PFA, pelvic-femoral angle
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PI in each patient, using the forced data entry method (A:
the sitting values minus the standing values). After iden-
tifying the sagittal parameters that correlated with global
trunk alignment, a multivariate linear regression model
was constructed.

To compare among groups, we used the Kruskal—Wal-
lis test; a post hoc analysis was performed using the
Dunn-Bonferroni test. The chi-squared test was used to
compare categorical variables. Continuous variables were
expressed as mean =+ SD. A P-value of less than 0.05 indi-
cated a statistically significant difference. All statistical
calculations were performed using SPSS Statistics (ver-
sion 22, IBM Corp., Armonk, New York).

Results

From the total of 156 patients, we excluded 15 patients
with scoliosis, two with spinal ankylosis, two with a neu-
romuscular disorder, and 13 due to poor image qual-
ity. There were 124 patients (48 males and 76 females)
remaining, with an average age of 65years. A total of 28
patients (23%) underwent spinal fusion before THA. The
anterior-lateral approach was adopted for 21 patients
(17%), while the posterior-lateral approach was used for
103 patients (83%).

Among the total 124 patients, 5 patients (4%) experi-
enced dislocation within 1year after THA, with the aver-
age time to dislocation of 7.2 weeks (2 weeks to 4 months).
All five patients with dislocation were female and in the
stiffness group (0° < APT < 10°) or the paradoxical motion
group (APT<0°) (Table 1). Among them, 4 underwent
spinal fusion before THA, 2 had anterior, and 3 had pos-
terior dislocation events.

In this study, we divided all patients as having normal
spinopelvic motion (APT >10°, including normal varia-
tion of hypermobile spinopelvic motion (APT > 30°)) and
spinopelvic stiffness (APT <10°) [19]. (Table 1) A small
subset of patients with stiffness and a negative PT change
(APT <0°) was identified. Due to the opposite motion of
the pelvis to the hip joint, such conditions were consid-
ered as paradoxical spinopelvic motions (Tables 1 and 2).

The interrelationship between global trunk alignment
and spinopelvic motion
Univariate linear regression analyses of the postural
change of sagittal parameters (ATK, ALL, ASS, APT,
APFA) and PI (constant in each patient) were per-
formed to identify the parameters related to ASVA.
ATK (p<0.001), ALL (p<0.001), and APFA (p=0.003)
were correlated to ASVA (Table 3). The following model
(adjusted R*=0.558) was constructed based on the
results of multivariate linear regression analysis (Table 3
and Fig. 3):

ASVA=—11.97+0.05ATK - 0.23ALL - 0.17APFA.
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Table 1 Basic demographics and comparison of radiographic parameters among three groups
Normal Group Stiffness group Paradoxical group p-value
APT>10 0°<APT<10° APT<0°
(n=284) (n=35) (n=5)
Sex 0.643
Female 50 (60%) 22 (63%) 4 (80%)
Male 34 (40%) 13 (37%) 1 (20%)
Age (year) 62 +15 69 +8 76 +15 0.076
Dislocation 0 (0%) 3 (9%) (40%) @ <0.001**
Spinal fusion 1 (13%) 14 (40%) @ 3 (60%) 0.0071**
Standing
SVA (cm) 38 +4.5 43 +29 —-1.0 +5.1 0.066
TK 25 +13 26 +10 25 +9 0.847
LL 47 +15 40 +15 50 +11 0.070
SS 35 +10 30 +10 33 +10 0.068
PT 13 +11 19 +9° 18 +8 <0.001**
Pl 48 +11 49 +10 51 +15 0438
PI-LL 1 +15 9 +12° 1 +11 0.007**
PFA 184 +10 191 +11° 192 +9 0.004**
Cup anteversion 17 +9 19 +10 19 +4 0.734
Cup inclination 43 +7 45 +6 42 +4 0476
Sitting
SVA (cm) 6.0 +28 55 +26 52 +35 0.721
TK 25 +14 27 +10 27 +11 0.189
LL 22 +14 33 +13° 43 +6° <0.001**
SS 15 +11 24 +10° 35 +10° <0.001**
PT 33 +12 25 +9° 15 +8° <0.001**
PFA 133 +16 125 +12° 114 +9° 0.003**

*p<0.05, **p<0.01
2 p<0.05 compared to normal group

b p<0.05 compared to stiffness group.

SVA C7-sagittal vertical axis, TK thoracic kyphosis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, PI pelvic incidence, PI-LL PI-LL mismatch, PFA proximal femur angle

Notably, ATK was not a statistically significant fac-
tor (p =0.287) in multivariate linear regression analy-
sis. Therefore, our results indicate that lumbosacral
(p <0.001) and hip motions (p <0.001) were the major
contributors of global trunk shift during position change.

We named the sum of lumbosacral and hip motions as
the “total spinopelvic motion (TSPM).” A Pearson corre-
lation analysis of TSPM and ASVA (p <0.001, R*> =0.538)
(Fig. 4) showed a moderate correlation, suggesting that
a greater trunk shift during position change necessi-
tates greater TSPM. The comparison of global align-
ment change, each part of the spinopelvic motion, and
TSPM from standing to sitting among each group are
shown in Table 4. Pearson correlation analyses of ALL to
APT (p<0.001, R*=0.572), and APFA to APT (p<0.001,
R%2=0.502) were also conducted to evaluate the effect
of lumbar and hip motion to APT (Fig. 5A and B). The
result showed that APFA smaller than —72.7° and ALL
higher than — 1.6° were both corresponding to APT <0°.

Effect of spinopelvic stiffness

In the standing position, the stiffness group had pel-
vises with more retroversion (higher PT; p<0.001) and
hips with more extension (higher PFA; p=0.007) than
the normal group (Table 1). Under the compensation of
the pelvis and hip joints, the two groups showed a simi-
lar global balance.

When changing from the standing to the upright sit-
ting position (Table 4), the stiffness group had 15° less
pelvic retroversion as compared to the normal group
(APT; p<0.001) because of poor lumbosacral spine
flexibility (ALL: — 7° and — 25°, respectively; p <0.001).
To reach the upright sitting position, the stiffness
group needed 15° more hip motion (APFA; p<0.001).
Trunk global balance showed an anterior shift to
SVA approximately 6 cm while sitting in both groups
(ASVA: 2.2cm and 1.3cm, respectively; p=0.399).
TSPM was also similar in the mean value of both
groups.
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Table 2 Five patients with paradoxical spinopelvic motion

Patient #1 Patient #2 Patient #3 Patient #4 Patient #5

Sex Female Male Female Female Female
Age 70 101 72 61 76
Spinal fusion No No L3-4 and L4-5 L4-5 T12-S2
Dislocation Posterior dislocation No No No Posterior dislocation
Time to dislocation T month No No No 4months
Standing

SVA (cm) —-19 —-8.1 —-28 54 22

TK 17 37 20 20 33

LL 52 61 56 47 33

SS 39 36 39 37 15

PT 12 16 23 28 I

Pl 51 52 62 65 26

PI-LL —1 -9 6 18 —7

PFA 182 191 196 206 187
Cup anteversion 21 22 13 16 21
Cup inclination 25 41 45 44 45
Sitting

SVA (cm) 39 00 56 94 7.0

TK 14 41 17 29 35

LL 46 49 45 43 33

SS 44 38 40 39 18

PT 7 15 21 26 8

PFA 105 116 127 120 109
A (sitting-standing)

SVA (cm) 58 8.1 84 40 49

TK -2 4 -3 9 2

LL —6 —13 —12 —4 0

SS 5 2 1 2 2

PT -5 —2 —2 -3 —2

PFA —77 —-79 —69 —86 -79

SVA C7-sagittal vertical axis, TK thoracic kyphosis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, P pelvic incidence, PI-LL PI-LL mismatch, PFA proximal femur angle

Table 3 Liner regression analysis of ASVA and sagittal parameters

Univariate Multivariable
Unstandardized 8 Standardized p value Unstandardized 8 Standardized B p value
coefficients coefficients coefficients coefficients
Constant —-1197 <0.001**
ATK —0.23 —0.36 <0.001** 0.05 0.08 0.287
ASS —0.02 —0.06 0.495
Standing PI 0.00 —0.01 0.925
ALL —0.15 —0.53 <0.001** —-0.23 —0.82 <0.001**
APT 003 0.07 0.466
APFA —0.08 —0.27 0.003** —0.17 —0.60 <0.001**

(Multivariable regression model: ASVA = — 11.97 4 0.05ATK-0.23ALL - 0.17APFA, Adjusted R?=0.558)
*p<0.05, **p<0.01

SVA C7-sagittal vertical axis, TK thoracic kyphosis, LL lumbar lordosis, SS sacral slope, PT pelvic tilt, PFA proximal femur angle, Pl pelvic incidence
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Paradoxical spinopelvic motion

Five patients had opposite pelvic and hip motions during
the position change (Tables 1, 2, and 4, and Figs. 6 and
7). Such conditions were paradoxical spinopelvic motion.
Among the five patients, two developed posterior dis-
location after THA (1 and 4 months after THA, respec-
tively, and 1 had previous spinal fusion before THA).
Although the lumbosacral motion (ALL) was similar to

the stiffness group (p=1.00), APT was — 3° in patients
with paradoxical motion (p=0.015, as compared to the
stiffness group) (Table 4).

In the standing position, the paradoxical group
illustrated a balanced global trunk alignment (SVA:
—1.0+5.1cm) (Table 1). However, they had a similar
sitting SVA to the stiffness group; thus, they had nearly
5cm more of antecedent trunk shift as compared to the
stiffness group when switching from the standing to sit-
ting position (ASVA: 1.3cm and 6.2cm, respectively,
p=0.014). Therefore, due to stiffness of the lumbosacral
spine, the highest hip motion (APFA: —78°% p<0.017 as
compared to the stiffness group) was compensated for
this high degree of trunk shifting.

Discussion

Spinopelvic stiffness is a well-established spinopelvic
factor causing THA dislocation [4-8]. In this study, all
patients with dislocation were in either the stiffness or
paradoxical groups. In the case of reduced lumbosacral
mobility resulting from a biological (e.g., degenerative
disease) [9, 20] or an iatrogenic fusion [21-25] causing
the recruitment of more hip motion for posture changes,
and while reduced lumbosacral motion prevents the pel-
vis from providing corresponding anterior or posterior
clearance for the femur, it may result in THA impinge-
ment and instability. According to Stefl et al’s classifica-
tion [7] and related studies [4, 6, 8], spinopelvic stiffness
can be divided into three clinical conditions based on the
orientation of the fixed pelvis to provide good surgical
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Table 4 Comparison of global alignment change and spinopelvic motion among each group from standing to sitting
Normal Group Stiffness Group Paradoxical Group P-value
APT>10° 0°<APT<10° APT<0°
(n=284) (n=35) (n=5)
Difference (Sitting-standing)
ASVA (cm) 2.2 +47 1.3 +32 6.2 +2.0° 0.014*
TSPM —75 +18 —74 +12 -85 +6 0216
ALL —-25 +15 —7 +7° —7 +5° <0.001**
APFA —51 +14 —66 +11° —78 +6% <0.001**
APT 21 +8 6 +3° -3 +1°% <0.001**

*p<0.05, **p<0.01
# P<0.05 compared to normal group
b P<0.05 compared to stiffness group

SVA C7-sagittal vertical axis, TSPM total spinopelvic motion, LL lumbar lordosis, PFA proximal femur angle, PT pelvic tilt
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guidance. However, the influence of global alignment on
spinopelvic motion was not investigated in their stud-
ies. Here, we analyzed the effect of global alignment on
spinopelvic motions in a cohort study constituting 124
patients who underwent THA.

The major finding of this study was that the lumbosa-
cral and hip motions were the major contributors to
trunk shifting from a standing to sitting position. To the
best of our knowledge, this is the first study to estab-
lish the influence of global balance on the spinopelvic
motion.

Although ASVA was not directly correlated to APT, it
would have a direct effect on ALL and APFA, and both
parameters correlate to APT (Fig. 5A and B). According

to the multivariable regression analysis and regres-
sion model (ASVA=-11.97+0.05ATK - 0.23ALL -
0.17APFA) (Table 3), lumbosacral (p <0.001) and hip
motion (p <0.001) are the main contributors to trunk
motion. The lumbosacral motion has a greater impact
on trunk shifting than hip motion. From this equation,
to achieve the same extent of trunk shifting, a reduction
in lumbosacral motion by 1° has to be compensated by
an increase in hip motion by approximately 1.4°. Previ-
ous studies showed a negative linear correlation between
hip and spine motions [9, 20]. However, the extent of
trunk shifting required when changing postures varies
on an individual basis, and it may also affect spinopelvic
motion.
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Fig. 6 Paradoxical patient # 1. This was a 70year old female. Standing
SVA was negative (— 1.9cm), and the trunk anterior shift from
standing (A) to sitting (B) was 5.8 cm (orange arrow). The lumbar
spine degeneration resulted in only 6° of lumbosacral motion (white
arrows). The hip motion was — 77.2° (black arrow), which caused
pelvic anterior tilt for 4.6° (yellow arrow). The anteriorly tilted pelvis
led to reduced acetabular anterior clearance when sitting down.
Moreover, as the THA cup version was not large enough (anteversion:
21° inclination: 25°), posterior dislocation occurred 1 month after
surgery. SVA, C7-sagittal vertical axis

The influence of global trunk alignment was likely to
be less significant among those with normal spinopelvic
motion and those who can recruit greater lumbosacral
motion and avoid excessive hip motion. It was particu-
larly worth noting that some of the subjects with nor-
mal spinopelvic motion were clustered in the low ALL
and low ASVA region since lower ALL was required for
their lower ASVA (Fig. 3B). As a result, no excessive hip
motion was recruited, thus maintaining APT.

In contrast, global trunk alignment may have a greater
impact on patients with spinopelvic stiffness. Accord-
ing to a recent study [19], spinopelvic stiffness was more
prevalent in patients with kyphotic and imbalanced sag-
ittal alignment with higher SVA. Due to higher stand-
ing SVA, patients with a kyphotic and imbalanced spine
usually experience a smaller extent of trunk shifting from
standing to sitting positions. This adhered to the findings
of a recent work by Buckland et al. (ASVA=4.9, 3.0, and
3.2cm in normal, degenerative, and flatback spine respec-
tively, P<0.01) [26], and with the present study (Table 4).
However, depending on the type of sagittal alignment [15],
different spinal degenerative cascades would occur [27].
The pelvis was sometimes fixed in the anteverted posi-
tion and exhibited hyperlordotic lumbar spine (i.e., “stuck

A

Fig. 7 Paradoxical patient #5. This was a 76-year-old female with a
balanced spine with SVA 2.2 cm. The trunk anterior shift from standing
(A) to sitting (B) was 4.9 cm (orange arrow). An extensive spinal fusion
of the lumbar spine (T12-52) caused a fixed lumbosacral spine (ALL:
0°). The hip motion was — 78.6° (black arrows), which caused pelvic
anterior tilt for 2.4° (yellow arrow). The anterior tilt of the pelvis caused
a decrease in acetabular anterior clearance in the sitting position.
Moreover, as the THA cup version was not large enough (anteversion:
21°% inclination: 45°), posterior dislocation occurred 4 months after
surgery. SVA, C7-sagittal vertical axis; LL, lumbar lordosis

standing” [6]). These patients tended to have balanced
sagittal parameters and SVA when standing. Therefore, if
a greater extent of SVA change was imperative from stand-
ing to sitting positions, due to stiffness of the lumbosacral
spine, a greater hip motion might be recruited in these
patients than those with a kyphotic and imbalanced stiff
spine. According to the regression model, patients with
a stiff spine (Tables 1 and 4, mean ATK=1° and mean
ALL=-7°), whose anterior trunk shift (ASVA) was up
to 2.1cm, might recruit a hip flexion of up to 72.7° from
standing to sitting positions. This was consistent with the
cut-off value corresponding to 0° pelvic tilt posture change.
We found that paradoxical spinopelvic motion was a very
rare clinical variant of spinopelvic stiffness requiring spe-
cial attention (Tables 1, 2, and 4) (Figs. 6 and 7). Although
they only accounted for 4% of all THA cases, the dislo-
cation rate was relatively high. To the best of our knowl-
edge, no study has identified this phenomenon, except
in a previous study [9] reporting that 3% of these outliers
showed anterior pelvic tilt while sitting; however, poten-
tial mechanics were not investigated. Opposite motions of
the hip joint and pelvis reduced acetabular anterior clear-
ance in the sitting position, and also reduced the posterior
clearance in the standing position. This placed patients
constantly at high risk of mechanical impingement.
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Global trunk alignment may be associated with para-
doxical motions. Although their lumbosacral flexibility
(ALL) was similar to that of the stiffness group (Table 4),
balanced global alignment or negative SVA were
observed during the standing position. When sitting, the
C7 plumb line would move forward to about SVA 5 to
6cm in both groups to achieve a comfortable upright sit-
ting position, causing a relatively great amount of ASVA
in patients in the paradoxical group. Figure 3B shows that
the subjects with paradoxical motions are mostly in the
low ALL and high ASVA region, which implies a dispro-
portionally high extent of trunk shifting in the stiff lum-
bosacral spine. However, patients in the stiffness group
demonstrated no paradoxical motion because the ASVA
was not excessively high.

Therefore, we speculated that paradoxical motion
might be related to a disproportionately high extent of
trunk shift in the stiff lumbosacral spine, while the stiff
lumbosacral motion segments could not provide suffi-
cient ASVA. Therefore, excessive motion of the hip joint
(mean APFA=-78°, p<0.001 as compared to normal
and stiffness group) might be their compensation mech-
anism. The conditions of these five patients (Table 2)
could be classified into the following three clinical
conditions:

1. Negative standing SVA with stiff lumbosacral spine
(patients #1, #2, and #3): As shown in Fig. 6, patient
#1 had lumbosacral stiffness because of severe degen-
eration in L2-3, L4-5, and L5-S1 segments. The
standing SVA was —1.9cm. From standing to sit-
ting positions, the C7 plumb line moved forward by
5.8cm while the lumbosacral motion segments only
provided —6° motion. This forced the hip joint to
increase its motion (APFA=—"77°) and provide the
required extent of the trunk anterior shift to achieve
trunk balance in the upright sitting position. This
excessive hip motion caused a —5° PT change during
a position change.

2. Obesity with high sitting SVA (patient #4): Although
the standing SVA of this patient was 5.4cm, the sit-
ting SVA (9.4cm) was relatively high due to obesity
(BMI: 35kg/m?). From standing to sitting positions,
the C7 plumb line moved 4cm forward. However,
because of the stiffness caused by L4—5 spinal fusion,
the lumbosacral motion segments only provided
—4° motion. This forced the hip joint to increase its
motion (APFA =—86°) to allow the pelvis to tilt for-
ward with the spine and provide the required trunk
anterior shift. This eventually resulted in a PT change
of — 3° during the position change.

3. Balanced global alignment with a fixed lumbosacral
spine (patient #5): As shown in Fig. 7, due to the
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extensive thoraco-lumbo-sacral fusion, this patient
had a fixed lumbosacral spine (ALL=0°), and could
only increase the hip joint motion to provide 4.9cm
of trunk anterior shift. This resulted in a PT change
of —2° in the sitting position.

Due to the greatest hip joint motion recruitment,
opposite hip joint and pelvic motions when chang-
ing postures in patients with paradoxical motion if the
component version is not properly placed, it would
have a higher chance of THA instability than spinopel-
vic stiffness; otherwise, a dual-mobility cup might be
considered.

This study had some limitations. First, its retrospective
nature limited both the surgical approach’s consistency
and the cup version of five surgeons, potentially affecting
THA stability [4]. Therefore, we focused on the analy-
sis of spinopelvic motions and global trunk alignment,
rather than discussing dislocation cause. Second, because
of the low prevalence of paradoxical motion, only five
paradoxical patients out of 124 patients were identified.
Further analysis, such as the risk factors that contributed
to paradoxical motion could not be performed. More par-
adoxical patients need to be included for further analysis.
Third, we were not able to identify a directed correlation
between ASVA and APT. Nevertheless, we constructed
a multivariable model of ASVA to other sagittal param-
eters, including ALL and APFA, which were the most
important parameters that contribute to APT. This might
be reasonable because of a negative correlation between
ALL and APT, and a positive correlation between APFA
and APT (Fig. 5A and B). However, ALL and APFA have
a synergic effect on ASVA. Fourth, we used digital triple-
film radiographs instead of EOS images. Theoretically,
digital radiography can distort the image-boundary and
increase the angle measurement error; however, no study
has confirmed a significant difference between the two
approaches. Finally, recent studies found that a combined
sagittal index (sum of the cup ante-inclination and PFA)
can effectively predict THA dislocation [4, 6, 8]; however,
this study did not include this index in the measurement.
Therefore, larger scale studies are suggested.

Conclusion

Global trunk alignment and spinopelvic motion displayed
a statistically significant linear correlation. The major
contributors to global alignment postural change were
lumbosacral and hip motion. Paradoxical spinopelvic
motion is a rare but dangerous clinical condition in THA.
This phenomenon may be related to a disproportional
high extent shifting of the trunk gravity line in patients
with stiff lumbosacral spine, recruiting excessive hip joint
motion while changing positions than other stiffness
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subjects. The opposite directions of the hip joint and pel-
vic movements during position change would decrease
acetabular clearance for the proximal femur, which would
have a higher risk of THA instability. Further larger-scale
studies are needed to identify the risk factors contribut-
ing to paradoxical motion.
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